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bDepartment of Neurosurgery, Zhongnan Hospital of Wuhan University Wuhan, Hubei, PR ChinaAbstractPurpose: The purpose of our study was to describe the salient magnetic resonance imaging (MRI) findings in primary intraspinal peripheral
primitive neuroectodermal tumour (PNET).
Methods: A retrospective review of the clinical and MRI images of 7 pathologically proven cases of intraspinal peripheral PNETs was
performed. The various parameters, such as vertebral level of involvement; tumour location, size, focality, and margin; signal intensity of the
lesion; the presence of hemorrhage or calcification; any signal voids; assessment of the adjacent cord for cord compression; cord dilatation;
the presence of paraspinal tissue mass; or vertebral or other bony changes, were analysed.
Results: All 7 patients had lesions in the thoracolumbar region. Three patients had extradural lesions, 4 had intradural extramedullary lesions,
and none had intramedullary lesions. Six lesions were well circumscribed. Only 1 patient had multifocal involvement. All lesions were of
hypointense or isointense signal on T1-weighted imaging, whereas all but one were hyperintense on T2-weighted imaging. Lesions enhanced
heterogeneously except 1 intradural extramedullary lesion, which enhanced homogeneously. A paraspinal mass was noticed in 2 patients.
Vertebral collapse was present in 1 patients.
Conclusion: Intraspinal peripheral PNETs are rare spinal tumours. Although imaging characteristics are not specific, a focal cir-
cumscribed lesion in a young individual at the intramedullary, extramedullary intradural, or extradural spinal location that shows
hypointense and hyperintense signal on T1- and T2-weighted images, respectively, requires PNET to be considered in the
differentials.ResumeObjectif : Decrire les aspects d’imagerie par resonance magnetique (IRM) pertinents a l’examen des tumeurs neuroectodermiques primitives
(PNET) peripheriques rachidiennes.
Methodes : Un examen retrospectif des images cliniques et IRM de sept cas de PNET peripherique rachidienne confirmes en pathologie
a ete effectue. Divers parametres ont ete analyses : degre d’atteinte vertebrale; emplacement, taille, focalite et marges de la tumeur;
intensite du signal au niveau de la lesion; presence d’hemorragie ou de calcification; absence de signal; evaluation de la compression
medullaire adjacente; dilatation de la moelle; presence d’une masse paraspinale; changements vertebraux ou autres changements
osseux.
Resultats : Les sept patients presentaient des lesions dans la region thoracolombaire. Trois patients presentaient des lesions extradurales,
quatre, des lesions intradurales extramedullaires et aucun ne presentait de lesions intramedullaires. Six lesions etaient bien circonscrites.
Seulement un patient presentait des lesions multifocales. Toutes les lesions apparaissaient en hypo ou isosignal sur les images ponderees en
T1, tandis que toutes sauf une apparaissaient en hypersignal sur les images ponderees en T2. Le rehaussement etait heterogene pour toutes les
lesions, sauf pour une lesion intradurale extramedullaire qui presentait un rehaussement homogene. Une masse paraspinale a ete decelee chez
deux patients. Un patient presentait un tassement vertebral.
Conclusion : Les PNET peripheriques rachidiennes sont des tumeurs rares. Bien que les caracteristiques d’imagerie ne soient pas specifiques,
l’observation chez un sujet jeune d’une lesion focale circonscrite de localisation intramedullaire, intradurale extramedullaire ou rachidienne* Address for correspondence: Guangyao Wu, MD, Department of MRI,
Zhongnan Hospital of Wuhan University, Wuhan, Hubei 430071, PR
China.
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diagnostic differentiel.
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are composed of a group of malignant neoplasms that are
presumed to be of neural crest origin [1]. Although PNET in
childhood is usually seen in the cerebellum, the spinal cord
as the primary site for PNET is relatively rare in all age
groups. Of the various cases reported, the locations in the
spinal cord have been either extramedullary intradural,
extradural with paraspinal component, or intramedullary [2].
We describe the clinical features and radiologic findings at
magnetic resonance imaging (MRI) of the 7 patients with
PNETs that primarily involved the spinal cord and briefly
review the literature.
Materials and MethodsPatients and Proof of DiseaseA retrospective review of the pathologic database was
performed to find patients diagnosed with peripheral PNET
of the spinal cord. Among these, 9 had undergone investi-
gation at our radiology department. We excluded 1 patient
who did not have cranial MRIs done at our institution and
another patient who had an intracranial lesion. Our institu-
tional review board does not require its approval or informed
consent from patients for this type of retrospective study.
Histopathologic diagnosis was obtained from the resected
specimen. Immunohistochemical studies were done with
neuron-specific enolase, CD99, S-100, synaptophysin, and
glial fibrillary acidic protein.Imaging TechniqueAll MRIs were performed with a 1.5-Tesla unit (Philips
Marconi Eclipse; Philips Medical Systems, Andover, MA) by
using the following sequences: spin-echo T1-weighted, fast
spin-echo T2-weighted with or without fat suppression, and
contrast-enhanced spin-echo T1-weighted with fat suppres-
sion obtained in transverse, coronal, and sagittal planes.Imaging AnalysisImages were accessed at the local picture archiving and
communication system workstation by resident physicians
and were reviewed independently by 2 experienced radiolo-
gists who had more than 10 years of experience (G.W. and
L.Z.). The reading radiologists were blinded to the clinical
and previous radiologic findings as well as the final patho-
logic diagnosis. The MRIs were analysed and evaluated for
the following parameters: vertebral level of involvement(cervical, thoracic, lumbar, sacral), tumour location (intra-
medullary, extramedullary intradural, or extradural), size,
margin (well defined or ill defined), signal intensity of the
lesion, presence of hemorrhage or calcification, any signal
voids, assessment of the adjacent cord for cord compression
and any proximal cord swelling, presence of paraspinal tissue
mass, or vertebral or other bony changes. A consensus was
reached for the final assessment of the findings.
ResultsClinical CharacteristicsThere were 4 female patients and 3male patients, with ages
that ranged from 14-45 years (mean [SD] age, 26.3  10.6
years). The presenting symptom was local back pain in 6
patients. One patient had numbness over the lower extremity,
whereas 1 patient had radiating pain to the right lower limb.
One patient had urinary retention, whereas 1 patient had
urinary and bowel incontinence. None of the patients had any
significant medical history, except 1 patient who had pulmo-
nary tuberculosis for which he was fully treated. The clinical
characteristic of these 7 patients are summarized in Table 1.Radiologic FindingsAll the patients had lesions in either thoracic, lumbar, or
thoracolumbar spine, with none in cervical spine and sacrum.
Among 7 patients, 3 had extradural and 4 had intradural
extramedullary lesions, and none had a lesion that was in-
tramedullary in location. A dumbbell-shaped lesion was seen
in 1 patient (Figure 1). All lesions except one were well
circumscribed. Only 1 patient had multifocal involvement. All
lesions had hypointense or isointense signal on T1-weighted
imaging, whereas all but one were hyperintense on T2-
weighted imaging. Lesions enhanced heterogeneously except
1 intradural extramedullary lesion, which enhanced homoge-
neously.Vertebral or bony involvementwas present in 1 patient
(Figure 2). Paraspinalmasswas noticed in 2 patients (Figures 2
and 3). No intramedullary or polar cyst was seen. None of the
lesions demonstrated hemorrhage. Spinal stenosis was seen
due to incidental degenerative changes in 2 patients, whereas
in another 2 patients, this was due to extension of the tumour.
MRI characteristics of these 7 patients are shown in Table 2.
Discussion
Peripheral PNETs encompass a group of neoplasms that
are presumed to be originating from pluripotent neural crest
Table 1
Clinical characteristics of the 7 patients
Case no. Age (y)/sex Symptoms
Duration
of illness Segment Treatment
Follow-up
at 6 mo
1 27/M Local pain with numbness lower limb 1 mo L3-L4 Resection þ RT þ chemotherapy NS
2 15/F Urinary and bowel incontinence 20 d T2-L5 Resection Recurrence
3 45/F Back pain, sensory loss lower limb 7 d T10-L1 Resection þ RT NS
4 23/F Low back pain with radiation to
right lower limb
15 d L3 Resection þ RT NS
5 14/M Local pain, retention of urine 6 d T11-T12 Resection NS
6 31/M Local pain with weight loss 1 mo L1-L4 Resection þ RT þ chemotherapy NS
7 29/F Back pain 1 mo T11-L1 Resection þ RT þ chemotherapy NS
NS ¼ not significant or no recurrence; RT ¼ radiotherapy.
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the Ewing family of tumours. The distinction of PNET from
Ewing sarcoma is difficult and largely depends on the
presence of neural differentiation by immunohistochemistry
or by its ultrastructure [1]. Furthermore, classification of
PNET into cranial and peripheral PNET has been a matter
of controversy, particularly in those cases in which PNETs
are present in the spinal cord [3]. Both the cranial
and peripheral PNET have been found to have a rapid
progression in untreated patients and carry a poor prog-
nosis, with similar survival rates [4,5]. The 2 variants,
however, are distinctly different in their clinical presenta-
tion and spread of the lesion as well as in the immunohis-
tochemistry studies [6].
Although PNET in childhood is usually seen in the
cerebellum, the spinal cord as the primary site for PNET is
relatively rare in all age groups. Intraspinal PNET has been
reported to have an adult onset and a male predominance [7].
In our case series of 7 patients with intraspinal PNET, 4 were
female patients (57.1%) and 3 were male patients (42.9%).Figure 1. (A) T1-weighted fast spin-echo (FSE) sagittal magnetic resonance ima
vertebral body and the L3-4 intervertebral disk. (B) T2-weighted FSE sagittal MR
T2-weighted axial MRI, showing the extraspinal extension of the tumour through
displaced on the left side due to the tumour.The presentation of patients with spinal PNET has been re-
ported to be at a relatively higher age than the intracranial
PNET, which is seen in a relatively pediatric population
[3,8]. The mean age of presentation of patients in our case
series was 26.2 years (range, 14e45 years). Clinical
presentation of PNET depends upon the level of spinal
segment involved as well as location within that spinal
segment. Primary intraspinal PNETs are usually absent of
any cranial symptoms, thus enabling differentiation from
primary intracranial PNET with spinal metastasis [7].
The location of PNET in the spinal cord is intramedullary
[5,9], extramedullary intradural [10e12], or extradural with
a paraspinal component [2,12]. In our case series, the
predominant location was extramedullary intradural, fol-
lowed by extradural with paraspinal mass, unlike other
studies. A primary intramedullary location of PNET is rare,
with very few cases reported [2]. We did not find any patient
who a had a lesion primarily intramedullary in location.
PNETs in the spinal cord can occur at any level, although the
thoracolumbar region has been reported to be the mostging (MRI) through the lumbar spine; a mass is seen posterior to the L3-L4
I through the lumbar spine; the mass is seen to be hypointense to the cord. (C)
the neural foramen, forming a dumbbell-shaped mass; the cord is seen to be
Figure 2. (A, B) T1- and T2-weighted fast spin-echo sagittal magnetic resonance imaging (MRI) through the lumbar spine, demonstrating collapse of the T12
vertebra, with compression of the spinal cord; a soft-tissue mass is seen from the T11-L1 vertebrae level in the prevertebral space as well as extending
posteriorly. (C) T2-weighted coronal MRI, demonstrating the high signal of the soft tissue mass. (D) T2-weighted axial MRI, showing the prevertebral mass as
well as extension into the paraspinal muscles.
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level [2].
Histopathology and immunohistochemistry are mandatory
in the characterization of PNET into central PNET and
peripheral PNET as well as in the differentiation from Ewing
sarcoma. On histopathologic examination, characteristic
features of PNET are the presence of poorly differentiated
small, round and/or spindle-shaped cells. On immunohisto-
chemistry, PNETs are positive for neuronal or glial markers
such as neuron-specific enolase, CD99, S-100, NCAM,
synaptophysin, and glial fibrillary acidic protein. A study
by Kampman et al [3] showed that expression of MIC2
glycoprotein by immunochemical staining (CD99) is helpful
in differentiating central and peripheral PNET.
Due to the rarity of the tumour, very few studies have
stressed the radiologic characterization of the lesion. Radio-
logic findings of PNET are not specific and mimic other
common spinal lesions. MRI is an excellent imagingtechnique for the evaluation of intraspinal tumours. It allows
high-resolution imaging of the osseous and neural structures
and surrounding soft tissues, and aids in the assessment of the
extension of the lesion. A study by Duan et al [13] showed that
intraspinal PNETs were often hypointense or isointense on
T1-weighted imaging and hyperintense on T2-weighted
imaging. Patients in our cases also showed lesions that were
hypointense or isointense on T1-weighted imaging similar to
the reported literature. We, however, found a lesion that was
hypointense on T2-weighted imaging, whereas the other 6
cases were hyperintense. PNETs are usually of heterogeneous
signal, with the enhancement pattern being heterogeneous
[13]. All cases in our series but one also demonstrated
heterogeneous enhancement. Leptomeningeal enhancement
and dural thickening was seen in a patient who was mis-
diagnosed as having lymphoma. Intramedullary PNETs have
to be differentiated from relatively more common ependy-
momas, astrocytomas, and hemangioblastomas.
Figure 3. (A) T1-weighted fast spin-echo (FSE) sagittal magnetic resonance imaging (MRI), demonstrating an intradural extramedullary mass that is
conspicuously isointense in signal to the spinal cord at the T12-L2 vertebral level. (B) T2-weighted FSE sagittal MRI, showing the mass being slight
hyperintense. (C, D) Sagittal and axial postcontrast T1-weighted images, showing heterogeneous enhancement of the lesion.
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cervical region, with the presence of a hemosiderin cap and
intramedullary cyst. Myxopapillary variant of ependymoma,
however, has more predilections to affect the conus medullaris
and filum terminale, and usually demonstrate superficial side-
rosis due to hemorrhage and are usually of high signal on both
T1- and T2-weighted images. Astrocytoma is the most
commonly seen spinal tumour in children, with the thoracic
region commonly involved and demonstrates intramedullary
and polar cysts. Hemangioblastomas are usually seen in the
thoracic and cervical region in the 20e40 year old age group
and commonly demonstrate nodular, ring, or patchy
enhancement [14]. They usually involve less than half the
circumference of the cord and are highly vascular, demon-
strating prominent flow voids. Extramedullary intradural
PNET has been reported to have a tendency to infiltrate the
paraspinal tissue through the neural foramen and form a soft-
tissue mass that appears as a dumbbell shape, as noticed in one
of our case [13,15]. Such presentation can often be confused
with the more common nerve sheath tumours such asTable 2
Magnetic resonance imaging characteristics of the 7 patients
Case no. Location Margin T1
1 ID þ EM, extending through
the neural foramina
Well defined Iso
2 ID þ EM Well defined Hy
3 ID þ EM Well defined Iso
4 ED þ paraspinal mass Ill defined Hy
5 ED Well defined Hy
6 ED þ mass (prevertebral/paraspinal) Well defined Iso
7 ID þ EM Well defined Hy
Cþ ¼ contrast; ED ¼ extradual; EM ¼ extramedullary; ID ¼ intradural; MRI ¼schwannoma and neurofibroma, and uncommonly with
meningioma, which rarely extends through the neural foramen
[16,17]. Schwannomas, however, may show the characteristic
‘‘target sign,’’ which is the hyperintensity on T2-weighted
images with central decreased intensity as well as cystic or
fatty degeneration [18]. Spinal meningiomas characteristi-
cally have broad dural attachment and show strong and
homogeneous enhancement except at areas of calcification
[14]. Extradural PNETs have to be differentiated from the
more common extradural tumours, such as metastasis,
lymphoma, multiple myeloma, chordoma, and Ewing
sarcoma, as well as from benign lesions, such as eosinophilic
granulomas [14]. An exclusion of a more common ‘‘drop’’
metastasis of an intracranial lesion is mandatory before
diagnosing primary intraspinal PNET. We excluded all cases
from being a cerebrospinal fluid seeding of an intracranial
lesion by the concurrent MRI examination of the entire brain
and spinal cord.
Due to the rarity of cases, a definite guideline in the ma-
nagement of intraspinal PNET has not yet been devised [15].WI T2 WI T1 WI Cþ Additional features
intense Hypointense Heterogeneous Spinal stenosis
pointense Hyperintense Heterogeneous Leptomeningeal
enhancement
intense Hyperintense Heterogeneous Spinal stenosis
pointense Isointense Heterogeneous Vertebral collapse,
spinal stenosis
pointense Hyperintense Heterogeneous None
intense Hyperintense Heterogeneous Pulmonary TB,
spinal stenosis
pointense Hyperintense Homogeneous None
magnetic resonance imaging; TB ¼ tuberculosis; WI ¼ weighted imaging.
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step in the management because patients may present with an
acute progressive neurologic deficit, which is usually fol-
lowed by high-dose irradiation of the tumour region or the
entire neuraxis and by multiagent chemotherapy [19]. The
overall prognosis of intraspinal PNET despite the introduc-
tion of treatment is dismal, with more than 57% of patients
dying within 3 years [8].
To conclude, MRI plays a pivotal role in the overall
management as a diagnostic tool as well as in the surgical
and oncologic planning of the cases and in the follow-up of
treated and untreated cases of intraspinal PNETs. Imaging
characteristics of intraspinal PNET are not specific and
mimic other common spinal lesions. Although a prospective
radiologic diagnosis of this rare entity cannot be accurately
made, a focal circumscribed lesion in the intramedullary,
extramedullary intradural, or extradural location, and that
shows hypointense and hyperintense signal on T1- and T2-
weighted images, respectively, in a young individual
requires PNET to be considered in the differentials.
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